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ABSTRACT 


This  technical  note  documents  a  program  written  specifically 
for  the  HP-41CV  calculator  to  convert  a  bathythermograph  profile 
to  a  sound  speed  profile.  The  format  of  the  repor-  follows  the 
guidelines  set  forth  by  the  Navy  Tactical  Support  Activity,  Fleet 
Mission  Program  Library. 

The  program  documented  herein  differs  from  existing  calcula¬ 
tor  programs  used  for  a  similar  purpose  (Kerr,  1982)  in  that  an 
archival  salinity  profile  library  is  included  with  the  program. 

Magnetic  card  copies  of  the  program  and  salinity  profile  li¬ 
brary  may  be  obtained  from  the  Naval  Oceanographic  Office,  Code 
9200. 


|  Accession  For 

rSiis  GRAM 
I  dtic  tab 

1  Unannounced 
1  Justification- 


* 

□ 


By - - - — — 

Distribution/ 

"  Availability  CodeS_ 
Avail  and/or 


ACKNOWLEDGMENTS 


The  author  wishes  to  thank  Mr.  Richard  Lauer,  Naval  Ocean 
Research  and  Development  Activity  (NORDA),  Code  323,  for  his  sup¬ 
port  and  most  helpful  suggestions  during  the  pereparation  of  this 
report.  The  author  is  grateful  to  Ms.  Charlene  Parker,  NORDA  Code 
323,  for  her  help  during  the  preparation  of  the  typed  manuscript. 

This  project  was  funded  by  the  Tactical  Anti-Submarine  War¬ 
fare  Environmental  Acoustic  Support  Project  (PE63785N),  Mr. 
Edward  Chaika,  program  manager. 


ii 


UNCLASSIFIED 

IF  CLASSIFIED.  STAMP  SECURITY  MARKING  HERE 

NAVY  TACTICAL  SUPPORT  ACTIVITY 

FLEET  MISSION  PROGRAM  LIBRARY 

PROGRAM  SUBMITTAL  FORM 


I.  (U)  SUMMARY  IDENTIFICATION  NUMBER/MOD 

A.  (U)  PROGRAM  TYPE: 

_ TACTICS 

_ ASW  TACTICS 

_ SEARCH 

_ LOCALIZATION/APPROACH 

_ TRACKING/ATTACK 

_ DIRECT  SUPPORT 

_ AAW  TACTICS 
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1.  TITLE  I  ) _ 


REPORT  NO.  _ 

DATE  _ 

2.  TITLE  (  ). 


REPORT  NO _ ORIGINATOR 

DATE _  FTLACCNO. 

G.  (U)  APPLICATION 

EQUIPMENT  HP-41CV _ 

SOFTWARE/LANGUAGE  HPr41CV... _ 


ORIGINATOR 
FTL  ACC  NO 


H.  (U)  StORAGE  MEDIA:  _!£_  MAGNETIC  CAROS 

_ CASSETTE 


_ MAGNETIC  TAPE  _ PAPER  TAPE 

_ KEYPUNCH  CARO  _ OTHER 
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_ !L  SUBMARINE 
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IDENTIFICATION  NUMBER/ 

II.  (U)  OPERATING  GUIDELINES 

A.  (U)  GENERAL  GUIDELINES  AND  LIMITATIONS 

1.  When  prompted  for  a  salinity  profile,  "NEW  SAL?",  the  response  will  be 
either  a  yes  (Y)  or  a  no  (N).  If  a  Y  response  is  given,  the  program  will  prompt 
the  user  for  magnetic  cards  (CARD).  The  cards  containing  the  salinity  profile  to 
be  entered  are  found  in  the  accompanying  library  of  salinity  profiles.  If  an  N 
response  is  given,  the  calculator  will  use  the  salinity  profile  stored  from  the 
previous  program  run. 

2.  Depth-temperature  (8T)  data  is  entered  directly  into  the  program  as 
depth  (FT)  and  temperature  (°F).  The  data  points  may  be  entered  in  any  order, 
i.e.,  depth  does  not  have  to  be  strictly  Increasing.  However,  entering  data  In 
order  of  increasing  depth  will  reduce  data  entry  time.  If  an  error  is  made, 
simply  reenter  the  same  depth  as  the  error  and  the  correct  temperature.  A 
maximum  of  20  depth-temperature  pairs  may  be  entered.  The  maximum  depth  which 
may  be  entered  is  6561  feet.  The  message  "TOO  DEEP"  will  appear  if  this  limit  is 
exceeded.  The  initial  BT  data  entry  portion  of  the  program  is  ended  by  entering 
a  negative  depth  of  any  number  for  the  temperature. 

3.  Additional  corrections  can  be  made  to  the  entered  BT  data  when  the 
program  prompts  for  addition  corrections  (CORRECTIONS?).  A  response  of  yes  (Y) 
will  result  in  the  calculator  prompting  for  the  depth  of  the  point  to  be 
replaced  (BAD  DEPTH).  If  the  depth  entered  does  not  exactly  match  a  depth 
entered  during  the  initial  data  entry  portion  of  the  program,  an  error  message 
(D  NOT  FND)  will  appear  and  the  program  will  return  with  a  CORRECTIONS?  prompt. 
If  the  depth  entered  matches  an  Initial  entry  depth  then  the  initial  data  point 
is  deleted  and  a  prompt  for  the  input  of  a  new  data  (NEW  PT)  is  generated.  New 
depth-temperature  points  are  entered  as  in  the  initial  data  entry  phase.  Any 
number  of  points  may  be  replaced.  If  a  response  of  no  (N)  is  made  to  the 
CORRECTIONS?  prompt  the  program  will  proceed  to  calcualte  the  sound  speed  from 
the  existing  data  set. 

4.  The  sound  speed  is  output  in  the  form  depth  (FT)  and  sound  speed 
(FT/ sec). 


5.  The  sound  speed  profile  in  the  form  depth  (FT)  sound  speed  (FT/sec)  can 
be  saved  on  magnetic  cards  by  responding  with  a  yes  (Y)  to  the  prompt  "SVP  ON 
CRD."  This  data  can  be  used  In  the  "Sound  Velocity  Profile  Propagation  Loss." 
program  written  for  the  HP41CV. 
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IDENTIFICATION  NUMBER/MOD 
II.  B.  (U)  USER  INSTRUCTIONS 


IDENTIFICATION  NUMBER/MOD 
B.  (U)  USER  INSTRUCTIONS  (CONT'D) 
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1 . ]C1 

l  .  CZ . J 

9 

Respond  to  "BAD  DEPTH"  Prompt 

1 . TIZ'l 

[■  □  L_  J 

Fnte*"  the  Hopth  nf  Thp  dppth-tpnipprat.urp  pninl 

Df/FT 
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IDENTIFICATION  NUMBER/MOD 
B.  (U)  USER  INSTRUCTIONS  (CONT’D) 
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IDENTIFICATION  NUMBER/MOD 

II.  C.  (U)  EXAMPLE  AND  IN-FLIGHT  PAGES 
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IDENTIFICATION  NUMBER/MOD 

II.  C.  (U)  EXAMPLE  AND  IN-FLIGHT  PAGES  (CONT'D) 


STEP 

INSTRUCTIONS 

INPUT 

DATA/UNITS 

KEYS 

OUTPUT 

DATA/UNITS 

6 

Depth 

100  Ft. 

□□  m i 

100.0  Ft 

7 

Temperature 

68.0  °F 

i  r/s  i  r . i 

68.0  °F 

6 

Depth 

600  Ft. 

cnn 

600  0  Ft 

7 

Temperature 

52.0  °F 

UaJLCJ 

52.0  °F 

FnH  initial  input  with  a  nerptiua  rleptk)  gp/| 

L  |["J 

any  temperature 

r  _  1 1  i 
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1  R/S.l  1-  1 

1  1  1 - 1 

• 

"rnrrortinnc"  Prompt 

III  1 

Y  to  make  corrections 

r  nr  i 

N  to  skip  corrections  and  calculate  sound  sd< 

;eds 

r  ir  i 

For  a  no  (N)  resoonse  skip  to  Step  11 

i  ir  "i 

8 

"r.nrrertinne  " 

1  Y  1  1  R/S  1 

r_  m  ■  ■  i 

"Pad  Depth" 

100  Ft 
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IDENTIFICATION  NUMBER/MOD 

II  c.  (U)  EXAMPLE  AND  IN-FLIGHT  PAGES  (CONT’D) 


IDENTIFICATION  NUMBER/MOD 
III.  (U)  PROGRAM  DOCUMENTATION 

A.  (U)  DISCUSSION/ANALYSIS 

This  program  generates  a  sound  speed  profile  from  an  input  temperature 
profile.  The  program  must  be  provided  with  a  salinity  profile  from  which 
interpolated  salinities  can  be  determined  at  input  temperature  depths. 

The  major  sections  within  this  program  identified  by  beginning  labels  are: 

1.  LBL  "C"  (used  to  issue  data  entry  instructions).  Stores  and  prints 
instructions  in  the  print  buffer.  If  a  printer  is  not  attached  (FLG  55  set) 
messages  throughout  the  program  are  held  in  the  display  for  one  PSE. 

2.  LBL  "B"  (used  to  enter,  and  store  depth-temperature  points).  Points  are 
stored  In  order  of  increasing  depth.  Registers  5  and  6  are  used  for  temporary 
storage  of  depth  and  temperature  respectfully.  Register  18  is  used  to  store  the 
total  number  of  points  entered;  and  register  17  is  used  to  store  the  deepest 
depth  entered.  If  the  depth  of  a  newly  entered  point  is  larger  than  the  deepest 
stored  depth,  then  the  new  point  is  stored  in  the  next  sequential  storage 
register  locations.  If  the  depth  entered  is  less  than  the  deepest  stored  depth, 
then  the  point  is  stored  in  the  appropriate  location  by  depth  replacing  an 
existing  point  in  memory.  The  replaced  point  is  stored  in  temporary  storage 
locations  previously  used  by  the  new  data  point  and  the  "fitting  by  depth" 
procedure  is  repeated  until  all  data  points  are  in  the  correct  order.  Flag  3  is 
clear  to  indicate  the  program  is  in  the  original  data  entry  made.  A  maximum  of 
20  points  may  be  entered. 

3.  LBL  "COR"  (used  to  make  final  corrections  to  the  entered 
depth-temperature  data).  Given  the  depth  of  the  bad  data  point,  the  point  is 
deleted  from  memory  and  the  points  located  at  deeper  depths  are  moved  up  one 
memory  location.  Storage  of  correcting  data  Is  handled  by  the  same  procedures 
used  to  store  the  original  data  points.  Flag  3  is  set  to  indicate  the  program  is 
in  the  correction  mode. 


4-  LBL  "DSP"  (used  to  print  input  data  points).  Accumulates  depth  and 
temperature  values  to  the  print  buffer  for  printing. 


5.  LBL  "INTR"  (used  to  calculate,  through  linear  interpolation,  the 
salinity  at  each  entered  depth).  Register  15  is  used  to  store  the  location  of 
the  temperature  profile  depth  (dj).  Register  16  is  used  to  store  the  location 
of  the  salinity  profile  depth  (d2)  deeper  than  dj.  Register  7  is  used  to 
store  the  location  of  the  salinity  profile  depth  (di)  shallower  than  d-r. 
Register  12  is  used  to  store  relative  location  of  tne  Interpolated  salinity 
(Sy).  Register  18  is  used  to  store  the  location  of  salinity  (Si) 
corresponding  to  dj.  Register  19  Is  used  to  store  the  location  of  the  salinity 
(S2 )  corresponding  to  d2.  ST  is  found  from: 


ST  = 


dr  -  di 


(S2  -  Si)  +  Si 


d2  -  di 
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IDENTIFICATION  NUMBER/MOD 
III.  (U)  PROGRAM  DOCUMENTATION 

A.  (U)  DISCUSSION/ANALYSIS  (Cont'd) 

6.  LBL  "SSPD"  (used  to  calculate  the  sound  speed  from  temperature  (T), 
salinity  (S),  and  depth  (D).)  For  each  input  D  the  following  data  are  calculated 
and  stored  (storage  register):  T(0),  T2(l),  T3(2),  S(3),  D(4),  and  D2(5). 

The  speed  of  sound  (S)  is  calculated  using  Mackenzie's  (1981)  equation  modified 
for  English  units,  the  modified  equation  is: 

S  =  3.2808  (1295.97  +  3.9229T  -  2.Q278T2  x  10"2 

+  4.071  x  10"5  T3  +  4.9683  x  10‘3D 
+  1.5562  x  10“8  D2  +  1.522  S 
-  5.6944  x  10'3  TS 

The  10-13TD3  term  of  the  original  equation  was  omitted  since  this  term  would 
be  insignificant  for  the  depths  considered  in  the  program  (16561  FT). 
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IDENTIFICATION  NUMBER/MOO 
A.  DISCUSSION/ANALYSIS  (CONT'D) 

The  Flow  of  the  Main  Program  is  as  follows: 


IDENTIFICATION  NUMBER/MOD 
DISCUSSION/ANALYSIS  (CONT'D) 
Flow  of  Main  Program  Cont'd: 


Increment 
Total  PT 
Counter 


I 

I 

I 
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I 

I 

f 

I 

I 

t 
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+•*  TD 
Q  C  - 

C  o  +j 
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\ — -  o 
a:  c_j 

uj  ca 
cc  E 

r  ^ 

Z-l  c. 
<c  o 

Z.  2-. 

c  <a 

f—  z::  c 
<  C  'f- 
c.*  4  «3 

—  oo  r: 

Lu  un 
^=>4- 

h-u  o 

=T  l>0 
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IDENTIFICATION  NUMBER/MOD 
A.  DISCUSSION/ANALYSIS  (CONT'D) 
Flow  of  Main  Propram  Cont'd 


C 


END 


Write  SSP 
On  Cards 


"SSPD" 


■INTR' 


Calculate 

Sound 

Speeds 


Find 

Interpolated 

Salinities 


Request 

New 

Data 

PT 


Rearrange 

Arrays 


'REP' 


Remove 

Bad 

Depth  PT 


0 


Clear 
FLO  3 


Prompt 

for 

Corrections 


Prompt 
for  Bad 
Depth 


Print 

Error 

Msq. 


Increment 

Depth 

Pointer 
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C.  (U)  PROGRAM  DATA 

DATA  REGISTERS 

(0)  through  (19)  USED 

(20)  through  (30)  BT  DEPTH  (OUTPUT  SSP) 

(40)  through  (59)  BT  TEMPERATURE 

(60)  through  (79)  INTERPOLATED  SALINITY 

(80)  through  (99)  CALCULATED  SOUND  SPEED 

(100)  through  (125)  SALINITY  PROFILE  DEPTH 

(126)  through  (151)  SALINITY  PROFILE  SALINITY 
(152)  NO.  OF  POINTS  IN  SAL.  PROF. 

FLAGS 

01)  SET  WHEN  NEW  DATA  HAS  BEEN  STORED 
02)  SET  WHEN  IN  CORRECTION  MODE 

03)  SET  WHEN  ENTERED  DEPTH  IS  LARGER  THAN  ALL  DEPTHS  ENTERED  PREVIOUSLY 

LABELS 

'  Subroutine's')  (other) 


01  L 

DSP  03  through  09  REP 

PAC  20  AX 

30  INTR 

BTSS  BEG 

AF  XAC 

V  AJ 

BZ  INTP 

BA  SSPO 

COR 
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IDENTIFICATION  NU23ER/N0D 


D.  CU  )  PROGRAM  LISTING 


STEP/ KEY  ENTRY 

Oi  j-  r. 

r-K  :  .  .  _  _ 

COMMENT 

'*• 

45  «T&  V 

66  'Nt«  SfiL  ?* 

New  Salinity 

or 

6-:  ro*f? 

i  ;  fiSTC  X 
it  fij'F 
u  «*V' 

1?  GTC  “fiF* 

Profile  Prompt 

;?  C.PO 

14  180.152 

15  STO  X 
!c  PTTfiX 
iT*cSi.  "fiF" 
i'S  fiOFF 

Read  New  Salinity 

Profile  Cards 

;  j  26 

Initialize 

26  STO  n 

i'l  6 

22  STO  l6 

23  3*0  IS 

24  ClX 

■c  /.I  fi 

Registers 

C 

2'  'C  £f'TEFv 
25  fiVItii 
c?  :C'  53 

35  p$t 
Tifi 

32  ‘TEN*  ■?«>?* 

53  fivIE* 

3-  '  i '  55 

55  FSE 
35  Cifi 
V  fil"> 

35  ■ DEPTH  : ENTER. 
3?  fi*Ic*f 
45  PC'  55 
i  see 

*4  .  VC 

Cl  6 

4?  1 TtWr  FS  ■' 

4*  SVIt* 

45  PC'  55 
45  PSE 

4  ■ 

<{•  W 

43  PONE* 

56  3‘TEN 
31  FC-  55 
52  PSE 

*’  CIO 
5a  -HK* 

55  as 

56  'NEC  l  ENTER" 
5'  Mik 


Print  Data 
Entry 

Instructions 


STEP/KEY  ENTRY  COMMENT 


53’  ~C  55 
55  PSE 
66  Cl& 

61  "1W1  NO  :R$  ■•' 

62  AWIEU 

63  PC  55 
t>4  PSE 

65  Ci.fi 

66  fipi 

b'  - Hr.  it KP- 
6?  fivlEii 


o'*  Ci.fi _ 

?6*LS<.  t 

71  STOP 

Enter  Depth- 
Temperature 

'2  xo-, 

:?  6 

T4  *• 

Check  for  End 
of  Input  Data 

75  GT(.  COP* 

Make  Gorredti  ons 

rC  RPh 

77  65t : 

?i  >.!■•  ‘ 

73  G*i.  '  ’ 

86  'TOC  TEE-*-* 

8) 

Si  Ci.fi 

83  G*0  E 

Check  for 

Too  Large  A 
Depth 

84*lBl  "V" 

85  CF  63 
tt  FC.  : 

c”  ?T0  26 

Store  Temp. 

&.  _ 

24  SIC  ?5 

Store  Depth 

96  PCt  l: 

No.  PT  Entered 

st  pcl  :s 

92  ♦ 

53 

Find  Deepest 
Depth  Entered 

54  - 

95  STO  1? 

%  pcl  inf  r 

97  PCl  65 

96  *.=Y'  . 

99  6*0  "62" 

Compare  Depth 

Against 

Deepest 

186  SCl  1* 

101  1 

162  ♦ 

163  STO  17 
\Hi  Ki  25 
:C5  -TO  ■*.£■  i' 

Store  Depth 

166  POL  l* 

107  28 

I8<  •» 

185  STO  l? 
lie  PCt  fee 

111  STO  INI-  17 

Store 

Temperature 

16 


IDENTIFICATION  NUMBER/MOD 


E.  <  Ul  PROGRAM  LISTING  (CONT'D) 

STFr'/KFY  FNTPY  COMMENT  .STEW'  F'JTRY  COMMENT 


Find  Temp. 

1  .  J  T  *■  *L»  *• 

Data  Has  Been  Stored 

lt>7  26 

Location  for 

'.MlL  "c  I' 

!i4  65 

Recall  Data 

16?  * 

165  STO  0i 

Bad  Depth 

; ; 5  sr-.  66 

!?*  RC.  62 

Replace 

Depth  With 

Next  Deeoest 

i»LE.  ‘BA' 
i  1 7  Xef‘  *5SP* 

Go  Store  Point  in 

Aloha  Reaisters 

i  ?i  1 

\7l  ♦ 

:vi  fi-  e? 

Data  in  Arrav? 

17?  STy  63 

e? 

1 7 4  f'O'L  I  til'  03 

t  v  -PmC* 

Place  Out  of  Sea.  Data 

175  STO  is5  62 

z':'  $2 

In  Correction  Mode? 

176  f,X  64 

Replace  Temp. 
With  Next 
Deepest 

1  wil  U  ' 

;23 

Go  to  Corrections 

Section 

177  ; 

1 78  + 

l244i.fi.  "CoR 

155  Ft?  55 

12B  Pit 

Beginning  of  Corrections 
Section 

175  ST 0  65 

180  PCI  liiD  65 

161  ST 0  181  64 

if  04 

1S2  Rit  02 

Increment 

Depth  Pointer 

123 

it?  ftSTO  V 

13*  'CORRECTIONS?' 

Are  Corrections  Required 

i  S3  i 

184  + 

;$5  STO  62 

1:1  SON 

132  PROMPT 

13:  ft'TO  V. 

.34  POFF 

lor  Fii  0. 

167  1 

182  * 

'.8'?  S: T 0  04 

Increment 

'Temperature 

pointer 

■•;r  v=v* 

:86  ISO  6'. 

fln4JKi4^n|| 

13*  5T(:  M‘-Tf  - 

Go  Perform  Interpolation 

iiT'St'C  -K:- - 

- V 

n:  -f  v- 

Corrections  Being  Made 

i  >2  fcl  is 

.34  ’SAL  DEFTr- 
135  FRO^T 

I  40  JJl.t  4c 

Enter  Depth  of 

Bad  Data  Point 

153  i 

154  - 

105. ?TG  i? 

Decrement  No. 
of  Pts. 

:-i  t’x  is 

!4'  '*** 

1  4  ‘  ■' 

Recall  Number  of  Points 
Entered  and  Set  Up 

Loop 

156  ‘nEk  ?T* 

157  my:e» 

156  STOP 

Get  Replace¬ 
ment  Point 

; 

i*:  -f 

155  GTCl  *W 

260  STOP 

Put  PT.  in 
Arrays 

*4»>  :rO 

261416I.  'iSr- 

i5 

1<8  5*0  ?2 

Set  Up  Pointer  to  Depth 

262  Ct.fi 

26?  G?CL  V 

15*  PCI  *2 

1 51  i 

152  * 

153  ST0  02 

Increment  Pointer  to 

Depth 

264  05 TO  41 

205  Ufi 

266  OPCi.  X 

207  PS T 0  82 

208  Ci.fi 

Store  Entered 
Point  in  Alph 
Registers  for 
Printina 

15-  SCl  06 
'55  Ki  Mi  62 

154  K«V> 

Recall  Bad  Depth  and 

Array  Depth  and  Compare 

203  Rti  IS 

210  ; 

211  ♦ 

i 57  3*0  “SEP* 

Go  Make  Replacement 

212  STO  16 

"54  6i 

All  Depths  Checked? 

2 12  "  " 

i  5?  GTu  '».■ 

Go  Get  Next  DeDth 

214  t|STG  64 

160  '!■  MUf  Phif' 

141  PvIE*! 

1 42  ?C ’  5o 
lt>7  &3t 

Print  Error  Message 

and  Return  to  Correction 

Beginning 

?;:■  cia 

'Ll*  P-I’N 

2i- 

j* 

ib<  £T'  CiiF" 

2154L6;.  "POO* 

Place  out  of 
W-Bti 

Store  Depth 

;45»lbl  •«?' 

16*  Ki  62 

Beginning  of  Replacement 

226  STO  05 

22 i  ;c:  7 

IDENTIFICATION  NUMBER/MOD 


STEP/KEY  ENTRY 

;  Sift  Mr. 


ill  :« 

£  >d  : 

^•>e,  - 

22-f.  c^TEJft 


22o  C*"C  (jo 


£  >1*  / 
^3i  t 
£3c  ♦ 

<■  -  ->  r ' 


G  87 


j  *Cl  11 
235*l8l  8l 
236  S7 L*  0S 
2"  PCt  IGL  83 


235  Kl  65 
230  K>Y’ 
li*  G*C  63 
2<i  .--YV 
242  G10  64 


2*3  3P  61 


E.  CU  1  PROGRAM  LISTING  (CONT'D) 

COMMENT  STEP/KEY  ENTRY 


Store  Temp,  to  be 
Placed  in  Array 


Find  No.  of  Pts. 
Entered 


i-r  <*o  ei 

273  RCL 

27?  S*G  lr»I-  £S 
286  GTC  65 


First  Point  Treat 
as.  First  Pt. 


Set  Uo  Loop 


Recall  Depth  from  Array 


Recall  New  Depth  and 
Compare 


28l»-0L  6* 

252  STO  IKF  65 
283  CCL  Z 
2?<  20 
235  * 

286  STO  65 

287  PCL  65 
285  5*0  IKI*  88 
23?  8 Cl  15 
296  1 

292  3*0  15 


Location  for  New  Data  Foun<i 


233»l5l  65. 
29*  CIO 
295  C.> 

2%  MCI  8l 
29*  PC-  04 
258  PCL  62 


COMMENT 


For  Exact 
Depth  Match 
Replace  Data 
PT  with  New 
PT 


Print  New 
Point 


IDENTIFICATION  NUMBER/MOD 


STEP/KEY  ENTRY 


37'  fit.  If<3  it 
735  Kl  INS  15 

777  £TQ  ‘t.J* _ 

333  j.=V*' 

33?  370  *XAC‘ 

*46  i‘IL  Is 
7-1  i 

7*0  16 

344  .iTf:  *i-.£ij‘ 

345«.BL  *X6C" 

340  4 CL  16 
;6 
34?  + 

74?  6T0  66 
756  f*L  ’HI  ci 
751 ♦lEl  56 
353  PCI  15 

35*  4* 

75-  + 

753  7.70  13 
356  -•  :'t 
7^7  3*0  141  13 
356  fO.  16 
35?  ECl  13 
766  i 
.*•  *•  1  T 

367  330  >3 
“•j3  XT' 

744  3-Tij  *S5ri” 

365  ECl  55 

366  1 

3h6  ♦ 

366  :T0  15 

764  0*0  -8EQ* 

776»i.BL.  *hJ" 

771  f'Ci.  16 
• 

.•  t  iL  i 

3-3  ♦ 

374  $70  56 

375  ED6 

376  ECl  IsL  1 1> 
777  y>v> 

776  770  -IMTr - 
77*  0*6  -ttG 


6o64uBl  "iSir 

3$;  :a  16 

333  1 
367  - 

3?4  stg  e: 

385  PCL  ini'  r 
366  Win 


E.  CU)  PROGRAM  LISTING  (CONT'D) 

COMMENT  STEP/KEY  ENTRY 

Store  Location  of 


Compare  Entered  Depths  w/ 
Sal. Prof.  Depths 

Interp.  Possible 
Exact  Match? 

Decrement  Sal.  Depth 


For  Exact  Match  Find 
Salinity  Location  and 
Store 


COMMENT 


Find  Location  for  Inter¬ 
polated  Salinity  and 
Store 


Store  Int.  Sal. 

Keep  Track  of  the  Number 
of  Pts  for  which  Sal. 
was  Calculated 


Go  Calculate  Sound  Speed 
If  all  Depths  Have  Saliniiy, 
.if  not  continue  Interp. 


Make  Sure  Entered  Depth 
is  Between  Salinity 
Depths 


70  ? 

►  pN 

7Qi 

*. 

r- ' 

739 

?c» 

- 

3^2 

Rll 

V 

332  fa 

T 

733 

- 

3?-* 

333 

lG 

336 

Zt 

33* 

t 

336 

ho 

333 

►Cl 

c? 

466 

2* 

i  A  • 
i 

4. 

ST.? 

;9 

n* 

<85 

PCL 

ifu»  60 

PCu 

I  Hi  19 

4C7 

- 

486 

4 

483 

►Cl 

iNli  19 

4  i6 

► 

4I< 

G'G 

hi 

412*. 6l 

-SSFir- 

4:3 

at 

4’4 

A 

415 

h:.  ,  1 

:«  H? 

4:6 

7-  , 

19 

4;7 

416 

*661)61  SF 1/ 1 

Go  Perform  Inter 

inning  of  Proc 


41?  hVIE« 

-26  ’PSCiFILE* 

«21  W !E* 

422  C> 

423  «£»v 

424  ’ITH  bSPii ' 

425  <WIEK 

-66  Clt _ 

♦2*  fO.  ii> 

428  1  E3 
423  / 

436  l 
43:  * 

432  SIC  66 

433  i  3 

434  STf.  63 _ 


63 

436  at 

437  ?a  e? 

436  i 

4*?  . 

Am-*  ^  r  * 

A  4i  £*&*'_  ]  f«*  ^ 


Perform  Linea' 
Interpolation 
Between  Sal . 
Profile  Depth: 


Get  Ready  to 
Calculate  the 
Sound  Speed 


Set  Up  Loop 
and  Pointer 


Increment 

Pointer 


IDENTIFICATION  NUMBER/MOO  _ 

E.  CUl  PROGRAM  LISTING  (CONT'D) 


STEP/KEY  ENTRY 

COMMENT 

STEP/KEY  ENTRY 

COMMENT 

442  fcRCL  i6 

4*3  RCL  Hii  69 

497  3.2603 

496  * 

49?  RCl  63 

586  26 

531  ♦ 

444  ji?.'  • 

Stnrp  nppth 

445  RU.  Ihi  0? 

* 

447  STO  05 

Store  DeDth  **2 

582  STO  89 

583  RCl  V 

584  STO  HI'  39 

505  1  £4 

566  / 

58?  FiL  04 

Calculate 

44i  f'CL  #9 
<.49  ?6 

»5o  + 

45;  570  69 

45?  fCi  I  US  09 

Card  Output 
Form  for  SSP 
Point 

45?  $T0  66 

Store  Temperature 

532  INT 

454  PCL  Ir,L  09 

455  » 

58?  * 

5l6  STO  It 

454  STO  6i 

Store  Temp  **2 

5l!  ARCL  i .92  65 

Print  Depth 

45i  RCl  IhS  i/9 

45?  * 

45?  STO  62 

512  fivIES 

513  FC">  55. 

514  m 

and  SS 

4nO  RCl  09 

4  S;  16 

4 6?  4 

4|}J  t'Tlj  @9 

4*4  Xl  Oil  it 

5 13  RCL  69 

516  69 

5l?  - 

516  STO  ?9 

5is  fj>,  4 

Store  Card 
Format  Profile 
Point  in  Dept! 
Locations 

465  t'C  63 

. . Store  Sal ini  tv 

“  526  RCl  11 

4?>6  RCL  90 

40?  3.9229 

44$  * 

409  RCL  01 

470  2.6276  £-2 

-  521  STO  HI  t  : 

52.1  •*  H  . 

523  ISO  06 

524  GTO  69 

525*LBL  23 

Have  Sound 
Speeds  Been 
Calculated  fot 
All  Depths? 

4"M  » 

473  RCe  62 

474  4.67l  £-5 

4  75  *■ 

4’0  ♦ 

47?  RCl  84 

4?J  4.96S3  £-3 

4-9  * 

463  ♦ 

4?  i  f'CL  65 

432  1.5562  £-6 

Calculate  Sound  Speed 

526 

527  asv 

526  SSV 

529  'H* 

530  CSTO  y 

531  "S6F  Oh  CRS" 

532  SOK 

533  PRO*?! 

534  OSTO  X 

535  OOrF 

536  X-V‘ 

.53?  GTO  36 

SSP  on  Cards? 

4?>0  * 

404  + 

485  f’CL  63 
»66  1.522 

4£?  * 

4 08  4 

46?  5.694.  £-3 

4  30  RCL  68 

49!  * 

492  RCL  03 

433  * 

494  - 

495  1293.97 

496  -* 

533  RCl  16 

53?  19 

546  * 

541  1  £3 

542  / 

543  26 

544  ♦ 

543  2*0  ; 

546  «ncv 

Outnut  SSP 
to  Cards 

20 

54?*^Sl  36 

546  Cl* 

549  RH 

550  .£hl. 

End  of  Progre 

Appendix  A.  HP-41CV  8T  Sound  Speed  Profile  Program 
Areas  of  Salinity  Profile  Coverage. 


A1 


I.  Discussion 


Contained  within  this  Apendix  are  figures  illustrating  the  areas  of 
coverage  of  selected  (ICAPS)  salinity  profiles  for  the  North  Atlantic,  North 
Pacific,  and  North  Indian  Oceans,  and  the  Mediterranean  Sea.  The  method  used  to 
select  these  representative  profiles  and  listings  of  the  profiles  selected  may 
be  found  in  Apendix  B. 

The  profile  number  to  be  used  in  an  area  of  interest  corresponds  to  the 
number  of  lines  used  to  crosshatch  that  area  in  the  figures  which  follow.  Areas 
without  crosshatching  are  represented  by  profile  zero;  areas  with  single  line 
crosshatching  by  profile  one;  etc. 

Areas  of  coverage  for  the  North  Atlantic  Ocean  are  seasonally  dependent, 
i.e.,  a  specific  area  may  be  represented  by  a  different  profile  number  In  each 
season.  Areas  of  coverage  for  all  other  bodies  of  water  are  presented  on  an 
annual  basis.  Profile  number  two  in  the  Mediterranean  Sea  and  profile  number 
four  in  the  North  Atlantic  Ocean  are  seasonally  dependent,  i.e.,  there  is  a 
specific  seasonal  salinity  profile  for  those  areas  represeted  by  these  profiles. 

To  find  the  appropriate  salinity  profile,  first  consult  Figure  1  for  the  N. 
Atlantic  Ocean  and  Mediterranean  Sea,  Figure  2  for  the  N.  Pacific  Ocean,  or 
Figure  3  for  the  N.  Indian  Ocean.  These  figures  contain  the  reference  page 
numbers  to  consult  for  the  detailed  description  of  each  broad  ocean  area  (and 
season  for  the  N.  Atlantic  Ocean).  From  the  referenced  page  map  determine  the 
representative  salinity  profile  number  and  select  the  appropriately  labeled  set 
(2)  of  magnetic  cards  from  the  salinity  profile  library. 
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Figure  2.  North  Pacific  Ocean  Salinity  Profile  Area  Location  Chart.  (Reference  pages  are  given 
in  parentheses). 


Figure  3.  North  Indian  Ocean  Salinity  Profile  Area  Location  Chart.  (Reference  pages  are  given  in 
parentheses) . 
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I.  Introduction 


In  order  to  insure  a  reasonable  sound  speed  determination  from  only  in-situ 
temperature  versus  depth  (BT)  information,  salinity  profiles  representative  of 
variable  oceans  had  to  be  determined.  Because  of  funding  and  time  constraints, 
it  was  decided  to  employ  the  ICAPS  water  mass  data  base,  which  contains 
representative  seasonal  salinity  profiles  for  the  major  oceans  of  the  Northern 
Hemi sphere. 

II.  Methods 

For  each  season  the  ICAPS  data  base  contained  401  salinity  profiles;  160  in 
the  Atlantic  Ocean,  16  in  the  Mediterranean  Sea,  152  in  the  Pacific  Ocean,  and 
73  in  the  Indian  Ocean.  The  raw  data  were  received  from  NAVOCEANO  on  magnetic 
tape  compatible  with  the  NORDA  Cyber  computer. 

It  was  decided  to  compare  the  salinity  value  at  each  standard  depth  with 
the  corresponding  salinity  in  every  profile  for  each  season  within  each  ocean.  A 
maximum  allowable  salinity  difference  was  selected  on  the  basis  of  the  resulting 
sound  speed  difference.  If  the  absolute  difference  between  salinity  values 
exceeded  the  maximum  allowable,  a  counter  was  incremented.  The  analysis  results 
consisted  of  an  NxN  symmetric  matrix  containing  the  counts  of  the  number  of 
times  each  salinity  profile  differed  significantly  from  every  other  salinity 
profile  for  each  season  and  ocean  at  each  standard  depth.  The  total  number  of 
standard  depth  differences  detected  for  each  profile  was  also  calculated  to  aid 
in  interpretation. 

If  the  maximum  allowable  salinity  difference  was  made  too  large  than  all 
profiles  would  appear  similar.  If  the  maximum  allowable  salinity  difference  was 
made  too  small  then  Interpretation  of  the  results  become  difficult.  For  the 
final  analysis  a  maximum  salinity  difference  of  2.25  ppt  was  used  in  all  oceans. 
This  difference  resulted  in  an  approximate  sound  speed  difference  of 
3  m/sec  under  a  constant  temperature  condition. 
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From  the  analysis  outlined  above,  a  "best"  salinity  profile  was  selected  as 
being  that  profile  which  had  the  lowest  difference  count  of  all  profiles.  All 
salinity  profiles  differing  from  the  "best"  were  examined  against  each  other  to 
determine  if  any  of  these  could  be  considered  similar.  Finally,  the  frequency  of 
occurence  of  the  selected  ICAPS  water  masses  (more  than  one  water  mass  usually 
occupied  an  ICAPS  area)  were  examined  to  insure  that  the  salinity  profiles 
selected  to  represent  small  areas  were  representative  most  of  the  time. 

III.  Results 

A  "best"  salinity  profile  was  selected  in  all  oceans.  For  the  North 
Atlantic  Ocean,  there  were  four  salinity  regimes  which  could  not  be  described  by 
the  "best"  profile;  in  the  Mediterranean  Sea  and  North  Pacific  Ocean  there  were 
three  additional  regimes;  and  in  the  North  Indian  Ocean  there  were  two. 

Because  the  differences  in  salinity  at  standard  depths  were  small  (0.7  ppt) 
across  the  seasons,  and  because  of  the  desire  to  keep  the  size  of  the  salinity 
library  as  small  as  possible,  in  a  majority  of  instances  a  single  salinity 
profile  was  chosen  to  represent  the  salinity  field  for  all  seasons.  The  annual 
salinity  profile  was  the  seasonal  profile  which  best  aproximated  (smallest 
absolute  total  difference  at  standard  depth)  the  mean  across  season  profile. 

Table  1  lists  the  salinity  values  by  season  for  the  "best"  representative 
profile  for  the  North  Atlantic  Ocean.  Table  2  through  Table  5  lists  the  salinity 
values  for  those  profiles  differing  significantly  from  the  best.  Table  6  lists 
the  "best"  salinity  profile  for  the  Mediterranean  Sea;  Tables  7  through  9 
present  the  profiles  which  differed  from  the  "best."  Table  10  gives  the  salinity 
values  for  the  "best"  North  Pacific  Ocean  profiles;  Tables  11  through  13  give 
the  salinity  profiles  which  were  unlike  the  "best."  Table  14  lists  the  "best" 
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salinity  profile  for  the  North  Indian  Ocean;  Table  15  and  16  present  those  which 
were  different.  In  the  tables,  an  asterisk  is  used  to  identify  the  seasonal 
profile  vrfiich  was  chosen  to  represent  all  seasons. 

In  several  instances,  the  ICAPS  salinity  profiles  selected  did  not  extend 
to  2000  meters.  In  these  cases,  the  salinity  values  at  those  depths  for  which 
information  was  not  available  were  estimated  from  neighboring  ICAPS  areas. 

Suggestions  for  further  improvement 

The  selection  of  representative  salinity  profiles  was  based  on  a  rather 
large  salinity  (sound  speed)  difference  of  2.25  ppt  («3  m/sec).  Reducing  the 
allowable  salinity  difference  would  increase  the  size  of  the  profile  library  to 
perhaps  unmanageable  proportions  depending  on  the  user's  environment.  The 
complete  seasonal  ICAPS  salinity  field  library  would  require  3208  magnetic 
cards.  This  number  could  be  halved  if  the  standard  depths  at  which  salinity 
values  are  given  were  provided  in  the  calculator  program  and  not  by  the  data 
ca  rd. 

A  better  alternative  to  a  complete  magnetic  card  library  would  be  to 
provide  the  user  with  a  computer  listing  of  the  ICAPS  salinity  data  base  from 
which  the  user  could  select  profiles  in  their  area  of  interest.  These  profiles 
could  then  be  transferred  to  a  magnetic  card,  using  a  creation  program,  for 
utilization  with  the  sound  speed  calculation  program. 
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TABLE  1. 

NORTH  ATLANTIC 

OCEAN 

Library  Profi  1e 0,  ICAPS 

Profile  No.  108 

,  Seasonal 

Salinities 

I  . epth  (m) 

Winter 

Soring* 

Summer 

Fall 

« 

34.86 

34.68 

34.39 

34.71 

1  1 0 

34.85 

34.68 

34.46 

34.71 

20 

34.86 

34.72 

34.57 

34.72 

|  iO 

34.86 

34.76 

34.67 

34.73 

;>o 

34.86 

34.82 

34.83 

34.76 

1 

34.86 

34.86 

34.90 

34.81 

'  no 

34.85 

34.88 

34.92 

34 . 84 

;  :?5 

34.84 

34.88 

34.92 

34.87 

'0 

34.84 

34.88 

34.92 

3<t.89 

.  00 

34.84 

34.88 

34.89 

34.88 

1  ">o 

34.85 

34.89 

34.89 

3^ .  86 

■  .00 

34.86 

34.89 

34.88 

34.36 

iOO 

34.88 

34.90 

34.89 

34.88 

0)0 

34.88 

34.90 

34.90 

34.90 

.00 

34.88 

34.91 

34.91 

34.90 

.'.00 

34.89 

34.91 

34.92 

34.90 

)00 

34.91 

34.91 

34.91 

34.91 

-no 

34.91 

34.91 

34.91 

34.91 

,00 

34.91 

34.91 

34.91 

34.91 

oOO 

1  1 

1 

1 

34.90 

34.90 

34.91 

34.90 

1 

1 

{ 

! 

i 
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TABLE  2.  NORTH  ATLANTIC  OCEAN 


Library  Profile  1, 

I CAPS  Profile  No. 

47,  Seasonal 

Salinities 

Depth  (m) 

Winter 

Spring 

Sunnier 

Fall* 

0 

36.53 

36.31 

36.40 

36.40 

10 

36.52 

36.32 

36.38 

36.39 

20 

36.51 

36.33 

36.35 

36.39 

30 

36.52 

36.35 

36.34 

36.39 

50 

36.58 

36.40 

36.39 

36.41 

75 

36.66 

36.46 

36.47 

36.44 

100 

36.82 

36.58 

36.61 

36.55 

125 

37.04 

36.73 

36.83 

37.00 

150 

37.26 

36.88 

37.09 

37.30 

200 

38.00 

37.62 

37.71 

37.66 

250 

38.30 

38.10 

38.08 

37.98 

300 

38.39 

38.23 

38.24 

38.22 

400 

38.45 

38.34 

38.35 

38.37 

500 

38.46 

38.35 

38.38 

38.39 

600 

38.48 

38.40 

38.40 

38.40 

800 

38.46 

38.40 

38.39 

38.40 

1000 

38.37 

38.40 

38.39 

38.39 

1200 

38.39 

38.41 

38.38 

38.39 

1500 

38.39 

38.41 

38.39 

38.40 

2000 

38.40 

38.42 

38.40 

38.40 
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TABLE  3.  NORTH  ATLANTIC  OCEAN 


Library  Profile  2, 

I CAPS  Profile  No. 

67,  Seasonal 

Salinities 

Oepth  (m) 

Winter 

Spring 

Summer 

*  Fall 

0 

32.03 

32.33 

31.75 

32.00 

10 

32.07 

32.39 

31.91 

32.04 

20 

32.13 

32.46 

32.20 

32.10 

30 

32.20 

32.55 

32.41 

32.18 

50 

32.35 

32.81 

32.73 

32.41 

75 

32.64 

33.27 

32.94 

32.77 

100 

33.00 

33.61 

33.26 

33.27 

125 

33.50 

33.94 

33.56 

33.76 

150 

33.88 

34.23 

33.89 

34.15 

200 

34.55 

34.75 

34.56 

34.54 

250 

34.63 

34.78 

34.67 

34.61 

300 

34.71 

34.80 

34.70 

34.68 

400 

34.80 

34.85 

34.75 

34.78 

500 

34.83 

34.86 

34.80 

34.83 

600 

34.85 

34.81 

34/85 

34.85 

800 

34.87 

34.81 

34.87 

34.87 

1000 

34.87 

34.81 

34.87 

34.87 

1200 

34.88 

34.82 

34.88 

34.88 

1500 

34.90 

34.84 

34.90 

34.90 

2000 

34.93 

34.87 

34.93 

34.93 
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TABLE  4.  NORTH  ATLANTIC  OCEAN 


Library  Profile  3, 

ICAPS  Profile  No.  147, 

Seasonal  Salinities 

Depth  (m) 

Winter 

Spring* 

Summer 

Fall 

0 

37.09 

37.04 

37.29 

37.29 

10 

37.09 

37.14 

37.29 

37.28 

20 

37.09 

37.14 

37.29 

37.28 

30 

37.09 

37.13 

37.28 

37.27 

50 

37.09 

37.11 

37.21 

37.26 

75 

37.09 

37.08 

37.03 

37.07 

100 

37.05 

37.03 

36.95 

36.93 

125 

36.93 

36.91 

37.84 

36.81 

150 

36.83 

36.79 

36.73 

36.70 

200 

36.63 

36.54 

36.51 

36.52 

250 

36.42 

36.40 

36.37 

36.38 

300 

36.25 

36.22 

36.25 

36.25 

400 

35.95 

35.94 

36.01 

36.00 

500 

35.72 

35.80 

35.79 

35.77 

600 

35.52 

35.60 

35.63 

35.59 

800 

35.21 

35.32 

35.36 

35.30 

1000 

35.09 

35.15 

35.22 

35.17 

1200 

35.11 

35.11 

35.20 

35.16 

1500 

35.10 

35.12 

35.15 

35.13 

2000 

35.01 

35.04 

35.02 

35.04 
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TABLE  5.  NORTH  ATLANTIC  OCEAN 


Library  Profile  4,  ICAPS  Profile  No.  156,  Seasonal  Salinities 


Depth  (m) 

Winter 

Spring 

Simmer 

Fall 

0 

33.09 

32.17 

34.00 

32.24 

10 

33.45 

32.58 

34.11 

33.07 

20 

34.14 

33.79 

34.37 

34.02 

30 

35.05 

35.32 

34.97 

34.71 

50 

35.72 

35.83 

35.70 

35.44 

75 

35.74 

35.79 

35.72 

35.62 

100 

35.67 

35.68 

35.63 

35.57 

125 

35.60 

35.60 

35.56 

35.54 

150 

35.53 

35.53 

35.50 

35.51 

200 

35.36 

35.40 

35.36 

35.41 

250 

35.17 

35.20 

35.16 

35.23 

300 

34.99 

35.00 

34.99 

35.06 

400 

34.79 

34.79 

34.80 

34.83 

500 

34.64 

34.65 

34.68 

34.66 

600 

34.57 

34.58 

34.62 

34.60 

800 

34.55 

34.53 

34.55 

34.56 

1000 

34.65 

34.64 

34.60 

34.65 

1200 

34.80 

34.80 

34.75 

34.79 

1500 

34.93 

34.92 

34.92 

34.92 

2000 

34.95 

34.95 

34.95 

34.95 
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TABLE  6.  MEDITERRANEAN  SEA 


Library  Profile  0,  ICAPS  Profile  No.  11,  Seasonal  Salinities 


Depth  (m) 

Wi nter 

Spring 

Summer* 

Fall 

0 

38.94 

38.97 

39.05 

39.12 

10 

38.94 

38.97 

39.05 

39.11 

20 

38.94 

38.98 

39.04 

39.13 

30 

38.94 

38.98 

39.00 

39.10 

50 

38.94 

38.98 

38.97 

39.01 

75 

38.96 

38.99 

38.97 

38.95 

100 

38.96 

39.00 

38.98 

38.98 

125 

38.96 

38.99 

38.98 

38.99 

150 

38.96 

38.99 

38.98 

38.99 

200 

38.96 

38.98 

38.97 

38.98 

250 

38.95 

38.96 

38.96 

38.96 

300 

38.94 

38.93 

38.94 

38.94 

400 

38.90 

38.90 

38.90 

38.89 

500 

38.86 

38.86 

38.86 

38.86 

600 

38.83 

38.83 

38.83 

38.83 

800 

38.80 

38.80 

38.80 

38.80 

1000 

38.79 

38.78 

38.79 

38.81 

1200 

38.81 

38.79 

38.77 

38.81 

1500 

38.81 

38.78 

38.72 

38.82 

2000 

38.81 

38.74 

38.70 

38.81 
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TABLE  7.  MEDITERRANEAN  SEA 


Library  Profile  1, 

ICAPS  Profile  No.  2, 

Seasonal  Salinities 

Depth  (m) 

Winter 

Spring 

Summer  * 

Fall 

0 

36.53 

36.31 

36.40 

36.40 

10 

36.52 

36.32 

36.38 

36.39 

20 

36.51 

36.33 

36.35 

36.39 

30 

36.52 

36.35 

36.34 

36.39 

50 

36.58 

36.40 

36.39 

36.41 

75 

36.66 

36.46 

36.47 

36.44 

100 

36.82 

36.58 

36.61 

36.55 

125 

37.04 

36.73 

36.83 

37.00 

150 

37.26 

36.88 

37.09 

37.30 

200 

38.00 

37.62 

37.71 

37.66 

25  0 

38.30 

38.10 

38.08 

37.98 

300 

38.39 

38.23 

38.24 

38.22 

400 

38.45 

38.34 

38.35 

38.37 

500 

38.46 

38.35 

38.38 

38.39 

600 

38.48 

38.40 

38.40 

38.40 

800 

38.46 

38.40 

38.39 

38.40 

1000 

38.37 

38.40 

38.39 

38.39 

1200 

38.39 

38.41 

38.38 

38.39 

1500 

38.39 

38.41 

38.39 

38.40 

2000 

38.40 

38.42 

38.40 

38.40 
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TABLE  8.  MEDITERRANEAN  SEA 


Library  Profile  2,  ICAPS  Profile  No.  15,  Seasonal  Salinities 


Depth  (m) 

Winter 

Spring 

Summer 

Fall 

0 

22.00 

23.00 

21.26 

26.16 

iu 

26.00 

27.00 

22.14 

26.44 

20 

30.00 

31.00 

28.63 

30.94 

30 

34.00 

35.00 

37.24 

35.82 

50 

38.40 

38.45 

38.45 

38.53 

75 

38.55 

38.50 

38.54 

38.56 

100 

38.55 

38.55 

38.55 

38.57 

125 

38.55 

38.55 

38.55 

38.57 

150 

38.54 

38.54 

38.55 

38.57 

200 

38.54 

38.53 

38.54 

38.56 

250 

38.53 

38.52 

38.53 

38.54 

300 

38.53 

38.52 

38.52 

38.54 

400 

38.52 

38.52 

38.52 

38.53 

500 

38.52 

38.52 

38.52 

38.53 

600 

38.52 

38.52 

38.51 

38.52 

800 

38.51 

38.52 

38.53 

38.53 

1000 

38.50 

38.51 

38.51 

38.51 

1200 

38.49 

38.49 

38.49 

38.50 

1500 

38.48 

38.48 

38.48 

38.48 

2000 

38.45 

38.45 

38.45 

38.45 
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TABLE  9.  MEDITERRANEAN  SEA 


Library  Profile  3, 

ICAPS  Profile  No.  16, 

Seasonal  Salinities 

Depth 

(m)  Winter 

Spring* 

Simmer 

0 

18.26 

17.97 

17.87 

10 

18.30 

18.08 

18.00 

20 

18.32 

18.19 

18.13 

30 

18.39 

18.27 

18.23 

50 

18.66 

18.49 

18.46 

75 

19.30 

19.13 

19.28 

100 

19.98 

19.80 

20.02 

125 

20.44 

20.35 

20.57 

150 

20.78 

20.71 

20.93 

200 

21.24 

21.21 

21.34 

250 

21.47 

21.47 

21.56 

300 

21.63 

21.65 

21.71 

400 

21.85 

21.86 

21.90 

500 

21.96 

22.00 

22.03 

600 

21.85 

22.07 

22.13 

800 

21.98 

22.20 

22.23 

1000 

22.23 

22.30 

22.26 

1200 

22.23 

22.36 

22.30 

1500 

22.36 

22.35 

22.31 

2000 

22.33 

22.34 

22.34 

Fall 

17.95 
18.08 

18.13 
18.21 
18.53 
19.37 
20.09 
20.58 
20.89 
21.28 
21.48 
21.61 
21.83 
21.98 

21.95 
22.08 
22.12 

22.13 
22.30 
22.34 


BI3 


TABLE  10.  NORTH  PACIFIC  OCEAN 


Library  Profile  0, 

I CAPS  Profile  No.  68, 

Seasonal  Salinities 

Depth  (m) 

Winter* 

Spring 

Summer 

Fall 

0 

34.23 

33.97 

33.83 

34.03 

10 

34.10 

33.97 

33.96 

34.01 

20 

34.10 

33.98 

34.03 

34.00 

30 

34.10 

33.99 

34.09 

34.03 

50 

34.11 

34.01 

34.20 

34.11 

75 

34.12 

34.06 

34.23 

34.15 

100 

34.12 

34.08 

34.22 

34.21 

125 

34.12 

34.08 

34.17 

34.16 

150 

34.12 

34.07 

34.13 

34.13 

200 

34.07 

34.05 

34.06 

34.08 

250 

34.04 

34.04 

34.04 

34.04 

300 

34.04 

34.04 

34.03 

34.01 

400 

34.03 

34.05 

34.04 

34.00 

500 

34.04 

34.07 

34.05 

34.00 

600 

34.05 

34.06 

34.09 

34.05 

800 

34.07 

34.04 

34.10 

34.10 

1000 

34.09 

34.04 

34.10 

34.10 

1200 

34.10 

34.05 

34.10 

34.10 

1500 

34.09 

34.06 

34.09 

34.08 

2000 

34.08 

34.08 

34.08 

34.08 
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TABLE  11.  NORTH  PACIFIC  OCEAN 


Library  Profile  1,  ICAPS  Profile  No.  14,  Seasonal  Salinities 


Depth  (m) 

Winter 

Spring 

Summer 

Fall* 

0 

32.48 

32.24 

32.14 

32.36 

10 

32.49 

32.28 

32.20 

32.36 

20 

32.51 

32.41 

32.39 

32.39 

30 

32.53 

32.49 

32.52 

32.44 

50 

32.58 

32.59 

32.68 

32.65 

75 

32.82 

32.82 

32.86 

32.94 

100 

33.21 

33.19 

33.12 

33.23 

125 

33.52 

33.50 

33.41 

33.48 

150 

33.72 

33.71 

33.64 

33.68 

200 

33.89 

33.89 

33.87 

33.88 

250 

33.94 

33.94 

33.93 

33.93 

300 

33.97 

33.97 

33.96 

33.96 

400 

34.03 

34.03 

34.03 

34.02 

500 

34.10 

34.11 

34.10 

34.09 

600 

34.18 

34.18 

34.18 

34.17 

800 

34.30 

34.31 

34.30 

34.30 

1000 

34.39 

34.40 

34.39 

34.39 

1200 

34.45 

34.45 

34.45 

34.45 

1500 

34.52 

34.52 

34.51 

34.52 

2000 

34.59 

34.59 

34.59 

34.59 
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TABLE  12.  NORTH  PACIFIC  OCEAN 


Library  Profile  2,  ICAPS  Profile  No.  99,  Seasonal  Salinities 


Depth  (m) 

Winter 

Spring* 

Slimmer 

Fall 

0 

33.06 

32.78 

32.50 

32.33 

10 

33.04 

32.79 

32.55 

32.33 

20 

33.05 

32.84 

32.68 

32.37 

30 

33.07 

32.89 

32.79 

32.58 

50 

33.10 

32.98 

32.92 

32.84 

75 

33.14 

33.04 

33.02 

32.99 

100 

33.17 

33.13 

3^  10 

33.08 

125 

33.25 

33.22 

33.19 

33.19 

1 50 

33.29 

33.26 

33.26 

200 

33.50 

33.38 

33.35 

33.35 

250 

33.60 

33.45 

33.41 

33.40 

300 

33.65 

33.51 

33.47 

33.46 

400 

33.66 

33.63 

33.59 

33.59 

500 

33.70 

33.75 

33.74 

33.71 

600 

33.85 

33.90 

33.94 

33.89 

800 

34.15 

34.14 

34.21 

34.14 

1000 

34.30 

34.32 

34.35 

34.32 

1200 

34.42 

34.44 

34.43 

34.44 

1500 

34.50 

34.50 

2000 

34.54 
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TABLE  13.  NORTH  PACIFIC  OCEAN 


Library  Profile  3, 

ICAPS  Profile  No.  104, 

Seasonal  Salinities 

Depth  (m) 

Wi nter 

Spring* 

Summer 

Fall 

0 

32.18 

32.00 

31.96 

31.88 

10 

32.19 

32.04 

32.01 

31.92 

20 

32.22 

32.11 

32.12 

31.99 

30 

32.25 

32.18 

32.24 

32.08 

50 

32.33 

32.31 

32.45 

32.32 

75 

32.50 

32.51 

32.66 

32.62 

100 

32.82 

32.81 

32.90 

32.93 

125 

33.16 

33.13 

33.22 

33.23 

150 

33.39 

33.37 

33.49 

33.46 

200 

33.63 

33.62 

33.74 

33.69 

250 

33.74 

33.73 

33.82 

33.79 

300 

33.81 

33.81 

33.88 

33.84 

400 

33.97 

33.96 

33.98 

33.95 

500 

34.07 

34.06 

34.07 

34.05 

600 

34.16 

34.16 

34.14 

34.14 

800 

34.28 

34.29 

34.27 

34.28 

in.; '.0 

34.36 

34.37 

34.34 

34.37 

1200 

34.43 

34.43 

34.40 

34.44 

1500 

34.51 

34.51 

34.50 

34.52 

2000 

34.59 

34.58 

34.58 

34.57 
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TABLE  14.  NORTH  INDIAN  OCEAN 


Library  Profile  0, 

I CAPS  Profile  No. 

13,  Seasonal  Salinities 

Depth  (m) 

Winter 

Spring 

Summer* 

Fall 

0 

34.41 

34.43 

34.43 

34.41 

10 

34.40 

34.43 

34.43 

34.40 

20 

34.48 

34.43 

34.43 

34.48 

30 

34.63 

34.46 

34.46 

34.63 

50 

34.82 

34.65 

34.65 

34.82 

75 

35.10 

34.91 

34.91 

35.10 

100 

35.12 

35.09 

35.09 

35.12 

125 

35.04 

35.14 

35.14 

35.04 

150 

35.01 

35.13 

35.13 

35.01 

200 

35.03 

35.07 

35.07 

35.03 

250 

35.08 

35.06 

35.06 

35.08 

300 

35.08 

35.05 

35.05 

35.08 

400 

35.06 

35.03 

35.03 

35.06 

500 

35.05 

35.02 

35.02 

35.05 

600 

35.03 

35.01 

35.01 

35.03 

800 

34.99 

34.98 

34.98 

34.99 

1000 

34.94 

34.93 

34.93 

34.94 

1200 

34.90 

34.89 

34.89 

34.90 

1500 

34.85 

34.84 

34.84 

34.85 

20 00 

34.78 

34.77 

34.77 

34.78 
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TABLE  15.  NORTH  INDIAN  OCEAN 


Library  Profile 

1,  ICAPS  Profile  No.  1, 

Seasonal  Salinities 

Depth  (m) 

Winter 

Spring* 

Summer 

Fall 

0 

39.02 

38. 76 

38.76 

39.02 

10 

39.01 

38.76 

38.76 

39.01 

20 

39.02 

38.83 

38.83 

39.02 

30 

39.08 

38.89 

38.89 

39.08 

50 

39.21 

39.01 

39.01 

39.21 

75 

39.54 

39.48 

39.48 

39.54 

100 

39.98 

40.03 

40.03 

39.98 

125 

40.22 

40.29 

40.29 

40.22 

150 

40.35 

40.42 

40.42 

40.35 

200 

40.45 

40.50 

40.50 

40.45 

250 

40.49 

40.54 

40.54 

40.49 

300 

40.51 

40.57 

40.57 

40.51 

400 

40.54 

40.58 

40.58 

40.54 

500 

40.56 

40.61 

40.61 

40.56 

600 

40.56 

40.61 

40.61 

40.56 

800 

40.57 

40.63 

40.63 

40.57 

1000 

40.58 

40.65 

40.65 

40.58 

1200 

40.60 

40.63 

40.63 

40.60 

1500 

40.60 

40.65 

40.65 

40.60 

2000 

40.70 

40.66 

40.66 

40.70 
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TABLE  16.  NORTH  INDIAN  OCEAN 


Library  Profile  2, 

ICAPS  Profile  No.  23, 

Seasonal  Salinities 

Depth  (m) 

Winter 

Spring* 

Sumner 

Fall 

0 

36.25 

36.51 

36.51 

36.25 

10 

36.22 

36.46 

36.46 

36.22 

20 

36.20 

36.32 

36.32 

36.20 

30 

36.22 

36.24 

36.24 

36.22 

50 

36.18 

36.06 

36.06 

36.18 

75 

36.10 

35.97 

35.97 

36.10 

100 

35.80 

35.91 

35.91 

35.80 

125 

35.75 

35.90 

35.90 

35.75 

150 

35.70 

35.89 

35.89 

35.70 

200 

35.67 

35.87 

35.87 

35.67 

250 

35.80 

36.19 

36.19 

35.80 

300 

36.05 

36.54 

36.54 

36.05 

400 

36.35 

37.07 

37.07 

36.35 

500 

36.61 

37.12 

37.12 

36.61 

600 

36.93 

37.18 

37.18 

36.93 

800 

37.22 

37.25 

37.25 

37.22 

1000 

37.35 

37.45 

37.45 

37.35 

1200 

37.34 

37.51 

37.51 

37.34 

1500 

37.30 

37.50 

37.50 

37.30 

2000 

37.25 
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